Post-traumatic stress disorder first appeared as an official diagnosis in the Diagnostic and Statistical Manual of Mental Disorders, 3 rd edition (DSM-III), in 1980, and subsequently was revised in 1987 (DSM-III-R) and in 1994 (DSM-IV). [2] [3] Although the initial PTSD diagnostic criteria included only certain types of severe trauma, these have been expanded in subsequent revisions. The current definition of PTSD diagnosis requires that the person has been exposed to a traumatic event in which both of the following have been present: (1) the person experienced, witnessed, or was confronted with an event or events that involved actual or threatened death or serious injury, or a threat to the physical integrity of self or others; and (2) the person's response involved intense fear, helplessness, or horror. 1 One significant change in the PTSD diagnostic criteria was made with the publication in 1994 of DSM-IV, in which the phrase "an event is supposed to bring about pain to almost all people who experienced it" was deleted, thereby eliminating the objective intensity of a traumatic eventone of the criteria that hindered the diagnosis of PTSD. 4 Thus, however trivial the event appears, PTSD should not be ruled out in diagnosing an individual suffering from a stress disorder following a traumatic experience if it causes strong fear, helplessness, or shivering in the victim. Furthermore, the change has made the diagnosis of PTSD applicable to an individual who has not been involved directly in a traumatic event, but in whom responses have been triggered by simply having witnessed and/or been exposed to other's traumatic experiences. Thus, the diagnosis of PTSD has become dependent more on the victim's symptoms rather than on the objective magnitude of the traumatic event itself.
Nowadays, the diagnosis of PTSD can apply to firefighters, police officers, and medical staff who display symptoms such as re-experiencing/intrusion, avoidance, or hyperarousal, as a result of events they have witnessed or encountered at work, even if they were not actual victims of the traumatic event.
Some epidemiological studies in the US found that PTSD affected 1 to 7.8% of the population at some time in their life. 5, 6 These numbers are likely higher in today's world of increased violence, conflict, terrorism and disasters. The incidence of PTSD among firefighters and other rescue workers has been reported to range from 18-30%. [7] [8] [9] This likely is due to the horror and the traumatic events encountered by these individuals as part their job, making them highly susceptible to PTSD. In addition, persons who suffer from PTSD are at an increased risk not only of developing other psychiatric disorders or committing suicide, 10 but also of developing physical conditions related to chronic immunosuppression. 11 Nevertheless, not all firefighters, ambulance staff, or rescue workers are in the high risk category for the development of PTSD. Therefore, from a viewpoint of holistic and preventive medicine, it is essential to comprehend accurately the mental health of these professionals.
The Impact Event Scale (IES) is a self-report inventory developed by Horowitz et al in 1979. 12 In epidemiological research, it is the most commonly used assessment tool for PTSD. The original IES consisted of items used to assess only two of the three symptom categories of PTSD (re-experience and avoidance) and, thus, while valid for use in assessing post-traumatic stress symptoms, it was not a valid measure of PTSD because it did not assess hyperarousal symptoms that are included in the most recent DSM diagnosis criteria. 13 Subsequently, the IES was revised (IES-R) and now comprises 22 items covering three symptom categories including eight re-experience/intrusion items, eight avoidance items, and six hyperarousal items. 1, 4 The IES-R has been translated into Japanese (IES-R-J) by Asukai et al 14 and its reliability and validity determined in four studies of different Japanese trauma populations. 15 They concluded that the IES-R-J can be a useful diagnostic instrument, particularly if a 25 total score cutoff is used (i.e., a total score of ≥25 was a discriminate cutoff value for the diagnosis of PTSD). 15 Previous studies using the Japanese version of the IES-R (IES-R-J) to assess the mental health of firefighters were based on the assumption that the firefighters had experienced a traumatic event. However, the IES-R-J does not inquire about the occurrence of traumatic event experiences. In addition, it is not clear, why, in spite of experiencing a traumatic event, some individuals develop PTSD while others do not. Among individuals scoring high on the IES-R, some will have had a traumatic experience and others will not have had such an experience.
The purpose of this study is to clarify the differences in traumatic event experiences, self-related health scores, subjective feelings of distress, job stress, and social support between IES-R high-and low-score groups, and between those who display symptoms similar to those of PTSD following exposure to a traumatic event and those who have not been exposed to a traumatic event.
Methods

Subjects
Subjects consisted of all the personnel (n = 157) of one fire department located in the countryside in Japan. All fire department personnel perform firefighting, ambulance, and rescue services, although usually these three services are undertaken by separate divisions of the fire department. Therefore, in this paper, the word "firefighter" refers to firefighters, rescue workers, and ambulance personnel.
Assessment Tools Japanese-Language Version of Impact of Event Scale (IES-R-J)-
The Japanese-language version of the Impact of Event Scale-Revised (IES-R-J) 14 was used to determine the frequency of the self-reported post-traumatic symptoms, i.e., re-experiencing/intrusion, avoidance, and arousal symptoms, using DSM-IV criteria. This instrument contains 22 items that participants are asked to rate using a scale ranging from 0 (not at all) to 4 (yes, absolutely). Based on Dr. Asukai's work, 15 we defined those who scored ≥25 points on the IES-R-J as the High Risk group (HR) for developing PTSD, and those who scored <25 points as the PTSD Low Risk group.
According to IES-R-J subscales, the re-experience/intrusion and the avoidance scores each were calculated as the 
Results
One hundred thirty-one of the 157 (83.4%) fire department personnel completed the questionnaire; three were excluded from analysis because of missing data, leaving a total of 128 questionnaires for analysis. All participants were Japanese males with a mean age of 41.9 ±10.0 years. Most of the participants worked a 24 hour shift with a mean length of employment of 21.2 ±9.5 years.
For the total 128 samples, the mean IES-R-J score was 14.9 ±15.2. A total of 28 subjects (22%) had scores ≥25 points and were classified in the High Risk group; the remaining 100 participants were categorized into the Low Risk group with scores <25 points. A total of 54 subjects (42%) reported experiencing or witnessing at least one traumatic event that threatened their own or others' lives. These traumatic events consisted of threatened death of self (n = 4), threatened death of others (n = 27), and confrontation with a serious disease or injury in others (n = 37). (Tables 1 and 2 ).
Chronbach's coefficient alpha (a) was 0.87 for both the re-experience/ intrusion and avoidance symptoms subcategory scores, and 0.77 for the hyper-arousal symptoms subcategory scores. Pearson's coefficient was 0.77 between re-experience/intrusion and avoidance symptoms scores (p <0.01); 0.75 between avoidance and hyper-arousal symptoms scores (p <0.01); and 0.76 between re-experience/intrusion and hyper-arousal symptoms scores (p <0.01).
The result of two-way ANOVA regarding the effect of the risk for PTSD and the effect of the existence of traumatic experiences to each outcome are listed in Table 3 . Age was not a significant factor for either the risk for PTSD (df = 1, F = 1.41, p = 0.24) or the existence of traumatic experiences (df = 1, F = 0.002, p = 0.96). The risk for PTSD was associated significantly with participants' selfrelated health score (df = 1, F = 8.15, p <0.01) and subjective feeling of distress score (df = 1, F = 14.43, p <0.01). The existence of traumatic experiences was not related to participants' self-related health score (df = 1, F = 0.11, p = 0.74) or subjective feeling of distress score (df = 1, F = 2.53, p = 0.11). Both the risk for PTSD (df = 1, F = 2.66, p = 0.11) and the existence of traumatic experience(s) (df = 1, F = 0.29, p = 0.59) were not significantly affected by the job stressor score. However, social support was significant both on the risk for PTSD (df = 1, F = 5.25, p = 0.02) and the existence of traumatic experiences (df = 1, F = 8.15, p <0.01).
The comparison between individuals in the PTSD high-risk group (n = 28) who had (EX+; n = 14) and had not (EX-; n=14) experienced a traumatic event by Student's t-test are in Table 4 . There were no significant differences between EX+ and EX-groups in regard to age, number of years' experience, job stressor, avoidance symptoms scores and hyperarousal symptoms scores. However, the social support score and the intrusion/re-experience symptoms score differed significantly (p 0.03 and 0.02, respectively) between these two groups. sum of the ratings from eight questions (range 0-32); the hyperarousal score was calculated as the sum of the ratings of six questions (range 0-24).
Japan Brief Job Stress Questionnaire-The Japan Brief Job Stress Questionnaire was developed by a stress assessment study group, "The Study Group for the Prevention of Work-Related Disease," of the Japanese Ministry of Health, Labor, and Welfare (1995) (1996) (1997) (1998) . This questionnaire is used to assess total job stress with sub-scales of: (1) job stressor (17 items on quality of psychological job burden, quantity of psychological job burden, consciousness of physical burden, job control, utilization of skills, human relations stress, environmental stress, aptitude for job, and assistance for job); (2) job stress response (29 items on vigor, impatience, fatigue, anxiety, depression, and physical complaints); (3) social support (nine items on support from superior, from co-worker, from family and friends); and (4) degree of satisfaction (two items on life and job satisfaction). Only the job-stressor and social support subscales were used in this study.
Participants rated their response to each question from 1 (not at all) to 4 (yes, absolutely). The total job stressor score was the sum of the points from the 17 job stressor items providing a potential score range of 17-68. The social support score was the sum of the responses to nine items: three questions concerning support provided by a superior; three questions concerning support provided by a co-worker; and three questions concerning support by family for a potential score ranging from 9-36.
Traumatic Event Experience, Self-Related Health and Subjective Feelings of Distress
Participants' traumatic event experience was assessed using the following three questions: (1) Have you ever experienced, or been confronted with an event or events that involved actual or threatened death or serious injury, or a threat to your physical integrity?; (2) Have you ever witnessed, or been confronted with an event or events that involved the actual or threatened death of others?; and (3) Have you ever witnessed or been confronted with a serious disease in others?
Self-assessed health scores were determined from the question "Are you healthy?" Subjective feelings of distress were determined from the question "Do you feel any distress?" Scores for each question ranged from 1 (yes, absolutely) to 5 (no, unhealthy or no, no distress).
Demographic data collected included age and years of job experience.
All questionnaires were distributed to the fire station, and sealed in an envelope by each subject after completion. Written informed consent was obtained from each subject and attached to each questionnaire package.
Student's t-test with Levine's test were used to compare the results between the High Risk and the Low Risk groups, and between those who reported having experienced and not having experienced a traumatic event; p-values <0.05 were considered statistically significant. The software program SPSS-J for Windows (version 10.0, Microsoft, Inc., Redmond, WA) was used to process the data.
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IES-R-J Score
≥25 <25
Traumatic experience n (%) Confrontation with serious disease or injury in others 37 90 
Risk for PTSD HR (n = 28) and LR (n = 100) Existence of Traumatic Experience(s) EX+ (n = 54) and EX-(n = 74)
Study of Firefighters and PTSD
Interestingly, not all firefighters who reported having experienced traumatic events scored in the PTSD High Risk group (i.e., had scores ≥25); only 14 of those 54 individuals (approximately one-third) scored in the High Risk group. Those 40 men who had experienced traumatic events but whose IES-R-J scores placed them in the Low Risk group reported having more social support than did those in the High Risk group, i.e., they had more friends and good relationships with their families and superiors.
Of those participants who did score high on the IES-R-J and, thus, would be considered to be at high risk for developing PTSD, only one-half had experienced a traumatic event. Previous studies using the IES-R-J to assess the mental health of firefighters assumed that they all had experienced a traumatic event, although findings in the study population indicate that this assumption is not accurate. Indeed, firefighters tend to face a variety of incidents; however, how they experience the event varies from person to person. Although the DSM-criteria for PTSD diagnosis includes the existence of a traumatic event experience, a number of firefighters in this study reported not having had a traumatic event experience, despite their high IES-R-J score.
While the re-experience/intrusion symptoms scores were statistically significantly different between those who had and those who had not experienced a traumatic event, the avoidance and hyperarousal symptoms scores of these two groups were not different. Clearly, even those without any reported traumatic event experience may develop avoidance and hyperarousal symptoms. Therefore, it seems that avoidance and hyperarousal symptoms are not neces-A comparison between individuals who scored ≥25 points (high-risk group) and <25 points (low-risk group), in relation to experienced traumatic events. Although age, number of years of work experience and job stressor scores tended to be higher in the High Risk group, these differences were not statistically significant between the two groups (age: t = 1.32, p = 0.20; number of years experience: t = 1.47, p = 0.15; job stressor scores: t = 1.76, p = 0.08). The social support score was significantly higher in the Low Risk group than the High Risk group (t = 2.26, p = 0.03).
Discussion
Those firefighters who scored ≥25 points on the IES-R-J scale were less confident about their health, experienced more job stressors, and had less social support than did those whose scores were <25 points.This is in agreement with previous studies indicating that individuals diagnosed with PTSD received less social support. [16] [17] [18] [19] The current study revealed that not only those already diagnosed with PTSD, but also those individuals not yet diagnosed with PTSD but with high scores on the IES-R-J, received less social support. Data from victims of both natural and man-made disasters indicate that social supports are effective in preventing disaster stress responses from worsening and that treatment for PTSD could be effectively supplemented by social support. [20] [21] This seems to be borne out in the data showing that firefighters whose IES-R-J scores placed them in the PTSD High Risk group had significantly lower social support scores and higher subjective feelings of distress when compared to those in the Low Risk group. ders, such as PTSD, in a specific group, it is difficult for each participant to undergo a formal psychiatric consultation. Thus, it is recommended that questions concerning previous traumatic event experiences be added to questionnaires such as the IES-R. It also is recommended that in epidemiological research, the questionnaire should not be used to diagnose PTSD, but rather, to assess the mental health status affected by critical incident stress. Establishing a baseline PTSD assessment in a relatively high risk population, such as firefighters and rescue workers, is essential to subsequently document the incidence of PTSD in the event of exposure to a disaster. In addition, the prevalence of PTSD in this population is an important consideration in the planning and provision of appropriate mental health services.
The generalization of the findings to all firefighters is limited by the rural nature, small size, and single gender (male) of the sample. Given the increased risk of PTSD in females, 22 findings likely would be different with the inclusion of females in the study sample. A control group was not sampled, and therefore, it could be argued that the study lacks an adequate comparison group to extricate the effect of the traumatic event from other variables that may be associated with mental health problems in the studied population. In addition, there remains the problem regarding the ability of the IES-R-J to accurately assess PTSD. The self-reporting nature of the measurement may introduce a bias as participants may be inclined to either overstate or understate their level of stress. Nevertheless, although not an exact PTSD diagnostic tool, the psychometric properties of the IES-R-J are satisfactory, and suitable for epidemiological research. 23 Certainly, a high score on the IES-R scale does not necessarily mean an individual suffers from PTSD. High scores on the IES-R may be seen in current PTSD sufferers as well as in prior PTSD sufferers, neurosis, or various adjustment disorders. 10 
Conclusions
The significant differences between those individuals with high IES-R scores and a traumatic event experience and those who scored high but had not experienced traumatic events were found in the existence of social support and the symptom of intrusion/re-experience. Social support may be a key factor in maintaining the mental health of firefighters.
The IES-R is a brief, easy-to-administer scale to assess traumatic stress from a variety of traumatic events. However, it is recommended to use a questionnaire that includes the determination of the existence of a threatened experience by an event and to analyze the data carefully taking into account the sensitivity, the specificity, the positive predictive value (PPV), and the negative predictive value (NPV).
sarily indicative of PTSD. Among those subjects scoring ≥25 points on the IES-R-J scale, those with traumatic event experience reported having re-experience/intrusion symptoms more significantly than did those without a traumatic event. Thus, the symptom of re-experience/intrusion appears to be a stress reaction peculiar to the PTSD high-risk group with traumatic event experience.
Prevalence of PTSD among Firefighters
Although this study was not aimed at diagnosing PTSD, its prevalence among firefighters can be postulated from calculated positive and negative predictive values on the IES-R-J. Asukai et al reported that by using the cut-off scores of ≤24 and ≥25, the sensitivity was 0.75-0.89, the specificity 0.71-0.93, the positive predictive value (PPV) 0.44-0.80, and the negative predictive value (NPV ) 0.90-0.96, with regard to PTSD + partial PTSD (i.e., the broad definition of PTSD) vs. normal. 15 The prevalence of PTSD can be calculated by the following formula: Where: PTSD + partial PTSD = percentage of those with PTSD or partial PTSD among all subjects; and HR(%) = percentage of those scoring >25 on the IES-R among all subjects.
In this study, 21.9% of the participants scored >25 on the IES-R-J. Therefore, the prevalence of PTSD is calculated to range from 12.8% (PPV = 0.44, NPV = 0.96) to 25.3% (PPV = 0.80, NPV = 0.90). If those participants who had not experienced any traumatic event are excluded from the analysis, the percentage of those scoring above 25 is 10.9%. Thus, the actual prevalence of PTSD in this study is estimated to be between 8.4 (PPV = 0.44, NPV = 0.96) and 17.6% (PPV = 0.80, NPV = 0.90), not markedly dissimilar from that reported in the general population. 5, 6 The Revised Horowitz IES (IES-R) 12 includes questions on hyperarousal, but does not ask about traumatic event experience. Therefore, it is assumed that, when the IES-R is used to conduct an epidemiological study on firefighters or patients who are defined as PTSD sufferers, a considerable number of adjustment and other stress disorders not related to a traumatic experience will be included. In this study, the incidence of non-PTSD, i.e., other stress disorders, was estimated at 14/28, or 50%. For a proper diagnosis of PTSD, it is imperative that patients be evaluated by a trained mental health professional. However, in epidemiological research studies on mental health disor-
